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ABSTRACT 
 
A research has been undertaken to study the effects, on the workability, compressive 
strength and shrinkage of foamed concrete by replacing up to 60% of the cement 
with Pulverized Fly Ash (PFA). This paper reports some recent findings on the 
densities, workability, shrinkage and compressive strength development of foamed 
concrete.  Preformed foam by using local LCM foaming agent and foam generator 
were used to produce the foamed concrete. A total of fourteen types of mixtures with 
varying PFA content, water/binder ratio and foam/binder ratio were prepared and 
tested. The foamed concrete specimens were subjected to air-curing. Test results 
show that the optimum PFA content for maximum strength at 28 days is around 20% 
to 30%. Workability and drying shrinkage increase as the PFA replacement of 
cement increases.   
 
Keywords: Foamed Concrete, PFA, compressive strength, workability and 
shrinkage  
 
 
1 INTRODUCTION 
 
In concrete construction, self-weight represents a large proportion of total load on 
the structure. Therefore, the use of lightweight concrete is considerable advantages 
in reducing the density of the structure.  Foamed concrete is also known as aerated 
concrete having an air content of more than 25 per cent [1]. The air in the foamed 
concrete can be introduced using preformed foam from a foam generator or by 
applying the concentrate to the cement slurry in a high-speed mixer which provides 
a high shearing action that will cause foaming. Foamed concrete gives many benefits 
such as low density, self compacting, frost resistance and provides a high level of 
both sound and thermal insulation [2]. Pulverized fly ash (PFA) is the by-product 
from coal-fired power stations, has been used for many years for a wide range of 
construction applications. Its uses range from a cementitious material in concrete to 
a simple fill material [3].  PFA has been reviled and researched for many years and 
generally accepted as a pozzolana material can be used as the partial cement 
replacement material that improves the properties of concrete. PFA used with 
Portland cement has to comply the properties stated in BS3892: Part 1 [4]. 
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The published literature on the subject suggests that there is much agreement that 
PFA replacement level up to 50% result in significant scaling [5]. However, many 
studies suggest that no significant scaling occurs when PFA is used in replacing 
amount ranging from 20% to 40%.  Dhir et al. [6] reported that the use of coarser fly 
ash leads to reduction in compressive strength for equal water/ binder ratio.  High 
ash content results in a reduction in compressive strength at early ages. Long-term 
strength (after 1 year) was improved by replacing up to 75% of the cement with ash 
[7].  The pozzolanic reaction of fly ash in foamed concrete is slower than foamed 
concrete without fly ash at normal temperatures and it does not progress to any 
significant degree until several weeks and gives slower strength development.  
Strength may be controlled by adjusting the water/(cement + PFA) ratio, changing 
the relative proportions of the constitute materials [8].  
 
This paper presents data on the workability, density, compressive strength 
development, and shrinkage of foamed concretes with different binder/sand ratio and 
water/binder ratio.  Different percentage of PFA from 0% to 60% were used as the 
partial cement replacement material to study the effect of PFA content on the 
properties of foamed concrete.   
 
 
2 EXPERIMENTAL WORK 
 
2.1 Materials 
 
The main ingredients of producing foamed concrete are Ordinary Portland Cement, 
fine sand, preformed foam, PFA and water. The sand used was passed through 5 mm 
sieve with a grading curve shown in Figure 1. The source of PFA was from 
Sejingkat Power Plant at Sarawak, Malaysia. The fly ash used conforms to the 
requirements of BS3892: Part 1 [4], which can be used for cement replacement. The 
chemical composition of the PFA is tabulated in Table 1. The water used for mixing 
is domestic tap water. LCM foaming agent was diluted with water by 1 proportion of 
foaming agent to 25 proportion of water. The preformed foam was produced using 
LCM portable foam generator. 
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Figure 1 Grading curve of fine aggregate 
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  Table 1 Chemical composition of PFA 
Compositions 
(%) 
Results  
PFA 
BS3892: Part 1: 1997  
Requirements 
Total Insoluble Residue, IR  28.11 - 
Magnesia, MgO 1.88 - 
Sulphuric Anhydride as SO3 0.05 2.0 max 
Loss on Ignition 0.20 7.0 max 
Total Silica, SiO2 61.29 - 
Total Calcium Oxide, CaO 1.84 10.0 max 
Iron Oxide, Fe2O3 5.84 - 
Aluminium Oxide, Al2O3 24.41 - 
Reactive Calcium, CaO 1.80 - 
Reactive Silica, SiO2 41.12 - 
Sodium Oxide, Ma2O 0.22 - 
Potassium Oxide, K2O 2.52 - 
Total Alkalinity  1.95 - 
Chloride Content, Cl- <0.01 0.1 max 
 
2.2 Mix Proportion 
 
Two series of foamed concrete mix (binders/sand ratio 1/2 and 1/3) with a total of 
fourteen types of mixtures with varying PFA content, water/binder ratio and 
foam/binder ratio were used in this study. The foamed concrete mix proportions 
used are shown in Table 2.  
 
Table 2 Mix proportions of foamed concrete 
Series Mix 
Binders: 
Sand 
(by weight) 
Fly ash 
content (%) 
Water: 
Binders 
 
Foam: 
Binders 
(Liter/Kg) 
 
 
1 
 
 
C1 1:2 0 0.45 0.7 
B1 1:2 10 0.45 0.7 
B2 1:2 20 0.45 0.7 
B3 1:2 30 0.45 0.7 
B4 1:2 40 0.45 0.7 
B5 1:2 50 0.45 0.7 
B6 1:2 60 0.45 0.7 
 
 
 
2 
D1 1:3 0 0.50 0.7 
E1 1:3 10 0.50 0.7 
E2 1:3 20 0.50 0.7 
E3 1:3 30 0.50 0.7 
E4 1:3 40 0.50 0.7 
E5 1:3 50 0.50 0.7 
E6 1:3 60 0.50 0.7 
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2.3 Preparation of Specimens and Testing 
 
A total of one hundred-twelve 100 mm x 100 mm x 100 mm foamed concrete cubes 
with eight cubes for each type of mixes were prepared for the determination of 
compressive strength. Besides that, fourteen foamed concrete prisms specimens with 
100 mm x 100 mm x 500 mm dimensions were prepared for the determination of 
shrinkage. All the cubes and prisms specimens were demolded after 24 hours and 
subjected to air-curing at room temperature. Shrinkage nails were installed on the 
surface of prisms after being demolded.  
 
The compressive strength tests were conducted according to BS1881: Part 116: 1983 
[9] using Unit Test DHR 200 machine at 3 days, 7 days, 28 days and 56 days. The 
compressive strength is the average compressive strength of two cubes specimens. 
Mayes instrument as shown in Figure 2 was used to measure the shrinkage of the 
foamed concrete prisms. One division represents a strain of 0.80 x 10-5.   
 
 
Figure 2 Mayes instrument 
 
 
3 RESULTS AND DISCUSSIONS 
 
3.1 Workability 
 
The workability of the foamed concrete mixes is measured by the diameter of the 
slump. It was found that the workability was increased by increasing the percentage 
of PFA used. This phenomenon may be due to the lubrication effect of spherical 
shape of most PFA particles with permit greater workability. The results of the 
workability are shown in Figure 3. 
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Figure 3 Workability of foamed concrete mixes 
 
 
3.2 Density of Foamed Concrete 
 
Figure 4 shows the results of foamed concrete densities. The density of foamed 
concrete for the mix of binders/sand ratio equal to 1/3 was decreased gradually by 
increasing the percentage of PFA used. However, the replacement of PFA for the 
mix of binders/sand ratio equal 1/2 was not decreasing consistently. Overall, the 
results showed that the used of PFA will decrease the density of foamed concrete.  
This finding showed that the increasing of PFA will produce lower dry density and 
was similar to the proposes of many researchers that the use of waste material for 
instance fly ash can produce lower density of concrete.   
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Figure 4 Density of foamed concrete 
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3.3 Compressive Strength 
 
Figure 5 and Figure 6 show the compressive strength development of foamed 
concrete mixes with different percentages of PFA at different curing ages. It is 
observed from the figures that the compressive strengths for the control mix and all 
PFA mixes have continuous strength development at all testing ages. Generally early 
compressive strengths of PFA foamed concretes (except 20% PFA, 1/3 b/s mix) 
were lower than control mix. This is because the pozzolanic reaction of PFA at early 
age is slow. The findings indicated that optimum PFA replacement for 1/2 
binders/sand ratio mix is 30% and 20% for 1/3 binders/sand ratio mix for short term 
strength development.  
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Figure 5 Compressive strength development of 1/2 (binders/sand)  
      foamed concrete mix 
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Figure 6 Compressive strength development of 1/3 (binders/sand)  
      foamed concrete mix 
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3.4 Shrinkage 
 
Drying Shrinkages of foamed concretes are shown in Figure 7 and Figure 8. The 
drying shrinkages of PFA foamed concrete specimens were found to be higher than 
the control mix. Higher percentage of PFA used in foamed concrete tends to 
increase the drying shrinkage. Figure 7 presents that the concrete containing 60% 
PFA exhibited the highest drying shrinkage with 1128 micro strain at 32 days. A 
similar trend of shrinkage development was recorded for 50% PFA concrete.  The 
control mix was achieved the lowest drying shrinkage with 440 micro strain at final 
measured age.  For second type of mixes (b/s= 1/3) as shown in Figure 8, all the 
mixes expanded suddenly on 6 days. Generally, the drying shrinkages of the 
binders/sand = 1/3 mixes are lower than the binders/sand = 1/2 mixes.  
 
Relation between shrinkage strain with age of concrete 
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Figure 7  Relation between shrinkage strain with age of concrete  
  for 0% to 60% of PFA replacement (b/s= 1/2) 
 
Relation between shrinkage strain with age of concrete 
for 0% to 60% of PFA replacement (b/s= 1/3)
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Figure 8  Relation between shrinkage strain with age of concrete  
  for 0% to 60% of PFA replacement (b/s= 1/3) 
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4 CONCLUSIONS 
 
From the series of tests carried out on foamed concrete mixtures containing PFA, the 
following conclusions can be drawn: 
 
 The use of PFA tends to produce a lower density foamed concrete. 
 The use of PFA increases the workability and drying shrinkage of foamed 
concretes. 
 The expansion of the foamed concrete at the early ages is an indicative of 
the ability of the foamed concrete to continue their hydration in the present 
of moisture.   
 The optimum percentage of PFA for foamed concrete to gain a higher short 
term compressive strength is between 20% - 30%. 
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